People with asthma who live near or downwind from a source of toxic emissions commonly express concerns about the possible impact of hazardous air pollution on their health, especially when these emissions are visible or odorous. Citizens frequently turn to their local and state health departments for answers, but health departments face many challenges in addressing these concerns. These challenges include a lack of asthma statistics at the local level, limited exposure information, and a paucity of scientific knowledge about the contributions of hazardous air pollutants to asthma induction or exacerbation. Health agencies are creatively developing methods to address these challenges while working toward improving asthma surveillance data at the state and local levels. Recent community health investigations suggest that hazardous air pollutants that are occupational asthmagens or associated with odors may deserve more attention. In seeking to address community concerns about hazardous air pollution and asthma, community health investigations may also help to fill gaps in our scientific knowledge and identify areas for further research or environmental intervention. The solutions to community problems associated with environmental contamination and asthma, however, require sustained, coordinated efforts by public and private groups and citizens. Public health agencies can make a unique contribution to this effort, but additional resources and support will be required to develop information systems and epidemiologic capacity at the state and local levels. Key words: asthma; air pollutants, environmental; epidemiology; hazardous waste sites; odors; population surveillance. 
In 1998 the number of people with asthma in the United States was estimated at 17 million (1) . Modeled estimates of concentrations of hazardous air pollutants in census tracts across the country suggest that it is fairly common for concentrations of many pollutants to exceed benchmark values for chronic disease risks (2) . It follows that many people with asthma are potentially exposed to hazardous air pollution (also called air toxics). People with asthma living near or downwind from a source of toxic emissions commonly express concerns about the possible impact of hazardous air pollution on their health, especially when these emissions are visible or odorous. Citizens frequently turn to their government, not always with a great deal of trust, to address these concerns. Local and state health departments are on the front lines to respond to these concerns expressed by citizens and community groups.
Despite all the research on asthma and air pollution, little is directly applicable to the health agencies that must respond to community concerns about air toxics. As Loomis pointed out, the tendency in air pollution research has been "to look where the light is" (3) . Thus, most of the research on air pollution has been conducted in large urban areas where air monitors routinely collect data on levels of ozone, particulate matter, and the other criteria pollutants. In most communities, air monitoring data for hazardous air pollutants is nonexistent or insufficient to evaluate health risks (4) . In this article, we detail some of the challenges public health agencies encounter when responding to citizens' concerns about asthma and toxic air pollution at the local level.
Investigating Community Reports of Increased Asthma Prevalence
Citizens or community groups might express concern over an unusually high prevalence of asthma in an area with known or suspected hazardous air pollution. A fundamental first step for public health agencies in responding to such concerns is to verify that more people have asthma (or that the asthma is more severe or more frequently aggravated) than would ordinarily be expected. However, data on asthma are limited at the local level. National data exist for specific asthma measures, including self-reported asthma prevalence, asthma office visits, asthma emergency department visits, asthma hospitalizations, and asthma deaths (5) . With the exception of asthma deaths (a relatively rare outcome), asthma measures are not consistently available at the state or local level (6) . As a result, most local and state health agencies cannot readily determine from existing data the prevalence of asthma in a particular community.
During the last several years, the federal government and other organizations have identified the need for better surveillance data for asthma and have initiated efforts to address this need (7) (8) (9) . Several state and local health departments have initiated efforts to establish asthma surveillance activities with support from the Centers for Disease Control and Prevention (CDC) and other federal agencies (6) . Improved asthma surveillance systems would enable public health agencies to identify unusual patterns or changes in the occurrence of asthma in specific communities. This may lead to the development of hypotheses regarding previously unrecognized risk factors, including hazardous air pollution.
Under cooperative agreements with the Agency for Toxic Substances and Disease Registry (ATSDR), several states are currently exploring creative ways to use existing data to examine asthma occurrence and its possible relationship with hazardous air pollution. For example, the Utah Department of Health is using geographic information systems (GIS) to examine the temporal and spatial variation in hospital visits for childhood asthma in four Utah urban counties (10) . The four counties include 77% of the state's population, twothirds of the state's 270 hazardous waste sites, and 10 National Priority List (Superfund) sites. These analyses will examine if hospital visits for asthma are increased by residential proximity to hazardous waste sites or industrial emission sources. Similarly, the Massachusetts Department of Health will use school health records to identify students with asthma, and GIS to map the location of the pediatric asthma cases and potential sources of exposure in the Merrimack Valley. The area includes three municipal solid waste incinerators located within a 4-mile radius, as well as the largest medical waste incinerator in New England (11) . The purpose of this study is to a) assess whether the pediatric asthma rate from each community in the Merrimack Valley is higher than the rate from its demographically similar comparison community, and b) examine whether pediatric asthma rates are higher in areas with greater opportunity for exposure from hazardous waste sites and industrial emission sources. The New York State Department of Health, in collaboration with researchers at Columbia University, is using data from emergency department visits and supplemental air monitoring information to evaluate the temporal associations between asthma exacerbations and a panel of air contaminants among residents of the Bronx and Manhattan (12) . In addition to the criteria air pollutants, other air contaminants measured include aldehydes and metals. Time-series analysis will be used to examine possible interaction between different air contaminants and acute asthma exacerbations.
Assessing the Plausibility of Purported Associations
There is a paucity of scientific research that can be used to assess the likelihood and plausibility of an association between asthma and a specific toxic air pollutant or a combination of toxic air pollutants. In the 50 years since the London Fog episode, an impressive body of scientific research has been assembled on the adverse health effects on populations exposed to air pollution, but most of this research relates specifically to the six criteria pollutants (13, 14) . Exposure to outdoor air pollution is widely recognized as an important contributor to asthma exacerbations; this was well illustrated in the reports of "natural experiments" that occurred in Utah Valley, Utah, and in Atlanta, Georgia. In 1986 a steel mill in Utah Valley shut down during a labor dispute and ambient levels of fine particulate matter were cut in half. Compared with the number of hospital admissions recorded during the previous and subsequent years, the number of hospital admissions for asthma and bronchitis (especially among children) was 2-3 times lower during the winter when the steel mill was closed (15) . During the summer Olympics in Atlanta in 1996, the city experienced a drop in vehicular traffic as well as motor vehicle emissions and ozone levels. Acute care visits and hospitalizations for childhood asthma in Atlanta also fell during this period (16) .
A recent authoritative review on the subject of asthma and outdoor air pollution emphasized the distinction between asthma onset and asthma exacerbation and concluded that common outdoor air pollutants can aggravate asthma but are unlikely to be related to the development of asthma (17) . At least two recent studies challenge this conventional wisdom by linking ozone exposure with adult-onset asthma (18) and with asthma induction among children playing sports (19) . In addition, recent studies from Europe have linked traffic emissions with allergic disease in children (20, 21) . It is possible that some of the effects attributed to criteria pollutants may be due to constituents of the air pollution mix that would fit under the rubric of air toxics. The distinction between induction and exacerbation may be irrelevant to community residents who are more likely to perceive exposures that trigger symptomatic episodes as important causes of asthma.
The possibility cannot be completely discounted that some air toxics contribute to the development of asthma. Asthma is generally accepted as a complex disease with a multifactorial etiology (22) (23) (24) . Air pollutants may interact with various environmental, genetic, and personal factors in various ways at different points in the causal pathway. Few investigations have been published that examine the possible association between exposure to hazardous air pollutants and asthma prevalence. The Kanawha County Health Study in West Virginia reported positive associations between exposure to volatile organic compounds (VOCs) from chemical manufacturing plants and measures of asthma among elementary school children, including increased prevalence of physician's diagnosis of asthma and increased symptoms consistent with reactive airways (persistent wheezing and attacks of shortness of breath with wheezing) (25) .
Environmental Exposure to Occupational Asthmagens
Soybean dust was a recognized cause of occupational asthma long before it was linked to community outbreaks of asthma in Barcelona, Spain, and New Orleans, Louisiana (26, 27) . Several of the compounds on the U.S. Environmental Protection Agency (U.S. EPA) list of hazardous air pollutants, including several metals, isocyanates, and some aldehydes, are known to cause asthma among occupationally exposed adults (28) . Environmental exposure to these substances is not recognized as contributing to asthma prevalence. As Bates has pointed out, there is reason to be suspicious of air pollutants, but there is little epidemiologic research on this issue (29) .
Recent investigations of environmental hazards from a foam-manufacturing facility in North Carolina suggest the need for further investigation of the possible impact of ambient exposures to agents known to cause asthma in the workplace. In this particular case, the manufacturer introduced a new process to produce foam that required the use of excess toluene diisocyanate, a substance that causes occupational asthma (30) . After this change was introduced, residents near the plant complained about odors and health problems. They requested assistance from the state, local, and federal governments to investigate emissions from the plant.
The State of North Carolina made clinical evaluations available to self-selected adult residents who were concerned about nonspecific symptoms or illnesses and emissions from the plant. Physicians at Duke University in Durham, North Carolina, were contracted by the state to conduct a comprehensive examination, including pulmonary function testing and antibody testing for diisocyanates.
They reported that 22 of 36 tested adults reacted during methacholine challenge testing, and 6 of 33 tested adults had antibodies to one or more diisocyanates (31) . The report from this clinical evaluation concluded that the results were ". . . highly suggestive of environmental exposure from the plant," and that ". . . a plausible link exists between exposure . . . and symptoms experienced by community residents." Additional testing of 113 residents for antibodies to diisocyanates found 10 residents had specific antibodies to one or more diisocyanates, although 1 of the 10 may have been exposed at work (32) . Environmental monitoring by ATSDR documented that diisocyanates were detected in the air. On the basis of both the environmental and biological monitoring, ATSDR concluded that there was evidence of a completed exposure pathway for diisocyanates in this community (33) . The plant ceased foamproduction operations in September 1997.
ATSDR, in collaboration with the Randolph County Health Department and physicians at Duke University, subsequently undertook an investigation of respiratory symptoms among school-age children who lived within 1 mile of the plant during the period when the new curing process was used (34) . The primary objectives of the investigation were to screen children who had potentially been exposed to emissions from the plant and provide diagnostic evaluations by asthma specialists for symptomatic children. A total of 259 children were identified from a list of students registered in the county schools system, and GIS plots of residences indicated that 225 of these students lived in the study area. Telephone interviews with the parents or guardians of these children identified an additional 24 siblings who were added to the study population. Interviews were completed with the parents or guardians of 231 (92.8%) of 249 children, but the interviews clarified that some children had not lived in the study area for at least 2 months during the period when the quick-curing process had been used (one of the study eligibility requirements). Of the 204 children who met the study eligibility criteria and for whom telephone screening interviews with their parents were completed, more than half (118) were found to have a history of asthma or respiratory symptoms consistent with asthma. Free medical evaluations were offered for these children, but only 55 of the 118 eligible children participated in these evaluations. Of these 55 participants, asthma was diagnosed in 28 children and considered possible in another 10 children. If we conservatively assume that none of the other 63 symptomatic children had asthma (unlikely), one lower-bound estimate of asthma prevalence among school-aged children in this community would be approximately 20% (38 of 204). This investigation was conducted to be responsive to local concerns and not as hypothesis-driven research, and thus no comparison population was used. On the basis of national statistics and studies in other communities, the proportion of children found to have respiratory symptoms or asthma in this predominantly white, semirural community appeared elevated. This apparent elevation in respiratory symptoms and asthma, although not explained, raises the possibility that poorly controlled releases from this facility contributed to these respiratory problems and suggests the need for more research on environmental exposure to occupational asthmagens.
Exposures Indoors and Outdoors
It is often difficult to obtain exposure information about hazardous air pollutants at the community level. When exposure data are unavailable within a community, proximity may be used as a crude surrogate measure of exposure. Some databases do exist, such as the U.S. EPA Toxic Release Inventory, that provide emission estimates for major exposure sources. This information can be used together with sophisticated modeling procedures to estimate chronic exposures in communities with large sources of air emissions (but exposures from multiple smaller sources will be underestimated) (35) . In the absence of actual exposure data, modeled estimates and assumptions about exposures may be subject to considerable misclassification error.
Indoor sources of several VOCs can contribute more to a person's total exposure than outdoor exposures (36) ; however, this may not be true in a community located downwind of a petrochemical plant or other stationary source of air emissions (37) . The protective value of staying indoors during periods of poor air quality may also be diminished when hazardous air pollutants are elevated. VOCs and fine particles (particulate matter with a mass median aerodynamic diameter less than 2.5 µm) readily penetrate indoor environments, especially homes (37, 38) .
Large, stationary sources of air toxics are often located in, or adjacent to, areas of lower socioeconomic status, and issues of environmental justice cannot be ignored (39) . In these communities, residents who feel they have been disproportionately affected by outdoor air toxics may resent efforts to shift attention to indoor allergens, many of which are also are associated with poverty (e.g., cockroaches and rodent urine). As one advocate described, Maybe it is easier to blame our asthma rates on our poverty, on our race and ethnicity, than to look seriously at what those in charge have been doing to our community for years. If you blame us, it also means that you don't have to do something about that polluting facility or about those diesel trucks (40) .
In communities where environmental justice is a concern, local community and environmental justice groups often have been very effective at guiding decisions related to the support and implementation of research and other public health activities (41) .
Air Toxics Odors as Risk Factors for Asthma
Emissions of air toxics from a variety of stationary sources can be associated with noticeable and sometimes noxious odors. Odors can exacerbate symptoms among persons with asthma, but the evidence of this relationship is largely anecdotal (42) (43) (44) . The magnitude of health risk posed by odorous air pollutants to people with asthma has not been quantified; most local environmental control agencies treat odors as a nuisance problem. However, two recent investigations (45, 46) suggest that exposure to odorous compounds in the ambient air can lead to measurable adverse health effects among persons with asthma.
In response to community health concerns about landfill emissions on Staten Island, New York, ATSDR investigated the effect of odor and air pollutants from the landfill on persons with asthma (45) . After considerable outreach efforts, a cohort was assembled of 148 people between 15 and 65 years of age who had been diagnosed with asthma and lived near the landfill. During the summer of 1997 cohort members completed daily diaries that recorded respiratory symptoms, medication use, twice-daily peak flow measurements, and self-reported odor perception for 6 weeks. The results indicated that the smell of rotten eggs or garbage was associated with a modest increase in respiratory symptoms (odds ratio [OR], 1.5; 95% confidence interval [CI], 1.3-1.7) and medication use (OR, 1.3; 95% CI, 1.1-1.4), as well as a marginal decline in lung function.
In Dakota City, Nebraska, the regional office of the U.S. EPA and ATSDR undertook continuous air monitoring of ambient hydrogen sulfide (H 2 S) levels to characterize its temporal and spatial distribution in the area for a 15-month period. H 2 S has an odor typically described as that of rotten eggs, and its odor threshold is fairly low (0.5 ppb) (47) . Numerous sources of H 2 S exist in this community, but the community was most concerned about the uncovered waste lagoons of a large beef-processing plant. A recent timeseries analysis examined daily hospital visits and measures of H 2 S and total reduced sulfur. The study results suggested a modest association between both measures and hospital visits for asthma and other respiratory diseases among children (46) .
The Need for More CommunityBased Investigations
The Pew Environmental Health Commission reported that most of the research money spent by the federal government on asthma in 1999 was used to support research on asthma treatment or basic research into cellular processes and mechanisms (7) . Only a small percentage of federal funds was used to support public health activities and research into asthma etiology. Although many have recognized the lack of data on the potential contribution of air toxics to the burden of asthma, ongoing asthma surveillance at the community level and more formal epidemiologic studies are needed for this possible relationship to be examined. At the community level, decisions continue to be made about plant operating permits, ambient air emission controls, land use, zoning, etc.; many of these decisions may be controversial or questioned by community residents concerned about asthma. Better asthma surveillance data and information on exposure at the local level would enable exploratory analyses to better define the objectives and design of an epidemiologic study, and such research could be used to evaluate the adequacy of existing environmental controls for protecting public health.
Any epidemiologic study of asthma and air toxics will, by definition, involve community residents as the study population. Although the political controversies and legal actions in some communities may prove formidable to the conduct of a well-grounded, scientifically objective study, this is certainly not always the case. To be successful, the involvement of residents in the planning and implementation of any study is essential. The National Institute of Environmental Health Sciences and the U.S. EPA currently support 12 Centers for Children's Environmental and Disease Prevention Research, which facilitate the combination of multidisciplinary basic and applied research with community-based prevention research projects (48) . Several of these centers have established academic-community partnerships to creatively conduct asthma research, and similar efforts could be expanded to other communities affected by air toxics.
The experiences of specific communities may offer unique opportunities to better understand the potential contribution of air toxics and asthma. Recent advances in study methodologies for environmental lung diseases can be applied to community investigations (49) . By applying the best scientific methods, investigators will use the results not only to address local questions but also to advance their broader scientific knowledge of the problem. 
Summary
Public health agencies face a number of challenges when responding to local concerns about asthma and air toxics. As states continue to explore innovative ways to use existing asthma data at local levels, more information will be available for investigation of the prevalence of asthma in limited geographic areas. To address the need for better asthma data at the state and local levels, CDC is working with several state and local health departments to establish asthma surveillance activities. The systematic collection and tracking of health outcome data, as recommended by the Pew Environmental Health Commission, can lead to the development of hypotheses regarding previously unrecognized risk factors, including hazardous air pollution. In addition to improved surveillance data, the conduct of investigations of asthma and hazardous air pollutants at the community level might help fill data gaps and suggest priorities for further research or environmental interventions. Recent community-based investigations indicate that more attention should be given to hazardous air pollutants that are occupational asthmagens or associated with odors.
Community health investigations can only begin to address community concerns about hazardous air pollution and asthma. Epidemiologic investigations of air toxics and asthma are likely to have the greatest impact if conducted as part of long-term, coordinated efforts by public and private groups and citizens to address health concerns about environmental contamination. The enhancement of data information systems and epidemiologic capacity at the state and local levels would strengthen the ability of public health agencies to contribute to such efforts.
